The online version of this article, along with updated information and services, is located on www.asas.org at Serials/Acq. Dept., Library on November 24, 2011 jas.fass.org Downloaded from ABSTRACT: Two experiments were conducted to determine the nutritive value of expeller-extracted canola meal (EECM) for growing pigs. In Exp. 1, a total of 6 ileally cannulated barrows (average initial BW = 26.8 kg) were fed 3 diets in a replicated 3 × 3 Latin square design to determine the apparent and standardized ileal digestibility (SID) values of N and AA and the SID AA contents of EECM. The 3 diets were a cornstarch-based diet with either solvent-extracted canola meal (SECM) or EECM as the sole source of protein, and a low-casein cornstarch-based diet, which was used to estimate basal endogenous N and AA losses to determine the SID of N and AA. All 3 diets contained chromic oxide as an indigestible marker for determining nutrient digestibility by the indicator method. In Exp. 2, a total of 18 intact barrows (average initial BW = 25.9 kg) were fed 3 diets in a completely randomized design (6 pigs per diet) to determine apparent total tract digestibility and retention of nutrients and the DE and ME contents of EECM. The diets were a basal corn-based diet or the basal diet with corn replaced by 35% SECM or EECM. The basal diet was used for determining the total tract digestible nutrient content by the difference method. Solvent-extracted canola meal, which is commonly used in the formulation of swine diets, was fed in both experiments for comparison with EECM. The SECM and EECM were similar in CP content (41.8 vs. 41.4%). Expeller-extracted canola meal was, however, greater in ether extract content (12.03 vs. 5.54%) and decreased in NDF content (23.8 vs. 29.9%) compared with SECM. The EECM also had a greater content of all the AA except Met, Cys, and Ser, by approximately 6.6%; Cys was greater in SECM, whereas Met and Ser were similar between the 2 meals. The EECM had greater (P < 0.05) SID of N, Arg, Ile, Leu, Phe, Glu, and Pro. The SID contents of Arg, His, Ile, Leu, Phe, Val, Ala, Asp, Glu, Gly, Pro, and Tyr were also greater (P < 0.05) for EECM than for SECM by an average of 15%. The EECM had greater (P < 0.01) DE (4,107 vs. 3,790 kcal/kg) and ME (3,978 vs. 3,564 kcal/kg) values compared with SECM. The results show that the EECM used in the current study had greater digestible AA and energy and a greater ME content than the SECM; hence, it may be a better source of protein and energy for growing pigs than SECM.
INTRODUCTION
Canola meal, a by-product of the canola seed-crushing industry to extract oil, is widely used as a protein source in swine diets and is a good source of essential AA, especially Met (Agriculture and Agri-Food Canada, 2006; Canola Council of Canada, 2009 ). Solvent extraction methods are commonly used to obtain canola oil, resulting in a meal that has less than 5% residual oil (Spragg and Mailer, 2007) . Expeller extraction methods can also be used to obtain canola oil but are less efficient, resulting in a meal with a greater (8.0 to 15%) residual oil content (Bourdon and Aumaître, 1990; Spragg and Mailer, 2007) . For expeller-extracted canola meal (EECM), the residual oil content depends on whether the seeds are passed through the system once (singly extracted) or twice (doubly extracted; Spragg and Mailer, 2007) . Another important difference between solvent-extracted canola meal (SECM) and EECM is that the former is subjected to more moisture (15 to 18%) and a moderate temperature (95 to 115°C) during the extraction, whereas the latter is subjected to less moisture (less than 12%) but a greater temperature, which can reach 160°C, during extraction (Canola Council of Canada, 2009 ). Greater processing temperatures are known to affect the nutritive value of a feedstuff, especially with regard to the availability of some AA (Lea and Hannan, 1949; Anderson-Hafermann et al., 1993) . In addition, moderate processing temperatures at greater moisture content can affect the nutritive value of a feedstuff (Lea and Hannan, 1949) . Thus, it is critical to determine the nutritive value of canola meals produced by different methods to optimize their utilization in formulating swine diets.
The nutritive value of SECM has been evaluated in several studies and it has been the subject of several reviews (Bell and Aherne, 1986; Bell, 1993) . However, information is limited on the nutritive value of EECM for pigs. Thus, the objective of the current study was to determine the AA digestibility and the DE and ME contents of a doubly extracted EECM for growing pigs.
MATERIALS AND METHODS
All experimental procedures were reviewed and approved by the University of Manitoba Animal Care Protocol Management and Review Committee, and pigs were handled in accordance with the guidelines described by the Canadian Council on Animal Care (1993) .
Two experiments were conducted at the T. K. Cheung Center for Animal Science Research, University of Manitoba. The EECM evaluated was obtained from a commercial company (Associated Proteins, Ste. Agathe, Manitoba, Canada), whereas the SECM was obtained from a local supplier and was included in the study as a reference because it is commonly used in swine diets and its nutritive value is well characterized (Spragg and Mailer, 2007; Canola Council of Canada, 2009) . One batch of SECM and of EECM was used for both experiments. All diets in both experiments were fed as mash. The pigs used in both experiments were Genesus (Yorkshire-Landrace female × Duroc male) obtained from the Glenlea Swine Research Unit, University of Manitoba.
Exp. 1
The experiment was conducted to determine the apparent ileal digestibility (AID) and standardized ileal digestibility (SID) of N and AA, and the standardized ileal digestible AA contents of EECM fed to growing pigs. Six barrows with an average BW of 26.8 ± 1.3 kg were used in this experiment. Pigs were housed individually in pens (1.5 × 1.2 m) with smooth sides and plastic-covered expanded metal flooring in a temperature-controlled room (22 ± 2°C). Pigs had been surgically fitted with a T-cannula at the distal ileum as described by Nyachoti et al. (2002) .
The experimental diets included a corn starch-based diet with either SECM or EECM as the sole source of protein, and a casein-and corn starch-based diet, which was used to estimate basal endogenous N and AA losses for determining the SID of N and AA (Table 1 ). All diets contained chromic oxide (0.3%) as an indigestible marker. The experiment was conducted according to a replicated 3 × 3 Latin square design to give 6 replicates per diet. Each period consisted of 7 d; the first 5 d were for adaptation and the last 2 d for ileal digesta collection. Pigs were fed the diets at 2.6 times the maintenance energy requirement (Agricultural Research Council, 1981) based on their BW at the beginning of each period. The daily feed allowance was offered in 2 equal portions at 0800 and 1530 h. Ileal digesta were collected continuously for 12 h from 0800 to 2000 h on d 6 and 7 as described by Nyachoti et al. (2002) and were stored at −20°C until required for analysis.
Exp. 2
The experiment was conducted to determine apparent total tract digestibility (ATTD) and apparent retention of nutrients, and the DE and ME contents of EECM fed to growing pigs. Eighteen intact barrows with an initial BW of 25.9 ± 2.9 kg were used in this experiment. Pigs were housed individually in adjustable metabolism crates (1.8 × 0.6 m) with smooth transparent plastic sides and plastic-covered expanded metal sheet flooring in a temperature-controlled room (22 ± 2°C). The experimental diets included a basal corn-based diet or the basal diet with corn replaced by 35% SECM or EECM (Table 1) ; the basal diet was used for determining total tract digestible nutrient content by the difference method (Fan and Sauer, 1995) . The corn used in this experiment had a moisture content of 12.9 ± 0.06% and a particle size distribution as follows: <0.25 mm, 31.5 ± 0.56%; 0.25 to 0.5 mm, 14.8 ± 0.97%; 0.5 to 1.0 mm, 29.6 ± 0.68%; 1.0 to 2.0 mm, 20.4 ± 0.02%; and >2.0 mm, 3.7 ± 0.24%. The diets were assigned to pigs in a completely randomized design, with 6 pigs per diet. The experiment lasted for 15 d; the first 10 d were for adaptation and the last 5 d were for separate and total collection of feces and urine. The daily feed allowance was provided as in Exp. 1. Total collection of feces and urine was done as described by Ragland et al. (1998) . Briefly, on d 11, each pig received 5 g of ferric oxide (as an indigestible marker) in 100 g of feed that was fed in the morning. The remaining portion of the morning feed was offered after all the marked feed was consumed. Fecal collection commenced when the marker appeared in feces. On the morning of d 16, pigs were offered 100 g of marked feed as described before, and collection of feces was terminated when the marker appeared in feces. Total collection of urine commenced on the morning of d 11 and ended on the morning of d 16. Feces were collected once daily in the morning, weighed, and stored frozen at −20°C. Urine was also collected once daily in the morning (in jugs containing 10 mL of HCl to minimize N losses) and weighed, and a sample (10% of the total weight) was obtained, strained through glass wool, and stored frozen at −20°C.
Sample Preparation and Chemical Analyses
Ileal digesta samples were pooled for each pig and each period, homogenized in a blender (Waring Commercial, Torrington, CT), subsampled, and freeze-dried, whereas fecal samples were dried in an oven at 60°C for 4 d, weighed, pooled for each pig, and subsampled. Samples of canola meal, diets, feces, and ileal digesta were finely ground in a coffee grinder (CBG5 Smart Grind, Applica Consumer Products Inc., Shelton, CT) and thoroughly mixed for analysis. Urine samples were thawed and pooled for each pig for analysis. All samples were analyzed for DM and N. The samples were further analyzed as follows: SECM and EECM for OM, GE, ether extract (EE), NDF, and AA contents; ileal digesta and diets from Exp. 1 for AA and Cr contents; feces and diets from Exp. 2 for OM and GE contents; and urine for GE content. For analyses of DM and GE in urine, 1 mL of each sample was mixed with 0.5 g of cellulose and the weight of the resulting mixture was recorded. The urine-cellulose mixtures, together with samples of pure cellulose (without urine), were dried in oven at 50°C for 24 h. The DM and GE were then determined on the dried urine-cellulose mixtures and samples of pure cellulose, and the contents of the same in urine were calculated by the difference method (Fleischer et al., 1981) .
Dry matter was determined according to the method of AOAC (1990; method 925.09) and GE was determined using an adiabatic oxygen bomb calorimeter (Parr Instrument Co., Moline, IL). Nitrogen was determined using a N analyzer (Model CNS-2000, Leco Corporation, St. Joseph, MI). Samples for OM determination were ashed for 12 h, and OM was calculated as DM minus ash. The SECM and EECM samples were analyzed for NDF according to the method of Van Soest et al. (1991) using α-amylase (Sigma No. A3306, Sigma Chemical Co., St. Louis, MO) and sodium sulfite, and were corrected for ash concentration adapted for an Ankom 200 Fiber Analyzer (Ankom Technology, Fairport, NY) and for EE using hexane as the solvent according to the method of AOAC (1990; method 920.39) . The N in NDF was analyzed as described before for determining NDIN. The NDIN is N content in the NDF, and the N content in NDF was analyzed as described before for others samples (feed ingredients, diets, ileal digesta, and feces). Samples for AA analysis were prepared by acid hydrolysis according to the method of AOAC (1984; method 982.30) as modified by Mills et al. (1989) . Briefly, approximately 100 mg of each sample was digested in 4 mL of 6 N HCl for 24 h at 110°C, followed by neutralization with 4 mL of 25% (wt/vol) NaOH and cooling to room temperature. The mixture was then equalized to a 50-mL volume with sodium Expeller-extracted canola meal for pigs citrate buffer (pH 2.2) and analyzed using an AA analyzer (Sykam, Eresing, Germany). Samples for analysis of S-containing AA (Met and Cys) were subjected to performic acid oxidation before acid hydrolysis. Tryptophan was not determined. Samples for Cr analysis were ashed and digested according to procedures described by Williams et al. (1962) and were read on an inductively coupled plasma mass spectrometer (Varian Inc., Palo Alto, CA).
Calculations and Statistical Analysis
The AID values of N and AA were calculated as described by Nyachoti et al. (1997) , whereas SID values of N and AA were calculated as described by Opapeju et al. (2006) . Ileal digestible AA contents in SECM and EECM were calculated using the following equation:
Total tract nutrient digestibility and nutrient retention were determined by the total collection method using the following equations: where NI is the nutrient intake (g), NO feces is the nutrient output in feces (g), and NO urine is the nutrient output in urine (g).
The ATTD and apparent retention of nutrients for SECM and EECM were determined by the difference method (Fan and Sauer, 1995) , with the corn-based diet as the basal diet, using the following equation:
where D A is the digestibility or retention of a nutrient (%) in an assay feedstuff (SECM or EECM), D D is the digestibility or retention of a nutrient (%) in an assay diet (corn-and SECM-based diet or corn-and EECM-based diet), D B is the digestibility or retention of a nutrient (%) in the basal feedstuff (corn), S B is the contribution of a nutrient (decimal percentage) from corn to the assay diet, and S A is the contribution of a nutrient (decimal percentage) from SECM or EECM to the corn-and SECM-based or corn-and EECM-based diet. The DE and ME contents of SECM and EECM were determined using the following equations:
DE (kcal/kg) = [(total tract GE digestibility for SECM or EECM, %) × (GE content in SECM or EECM, kcal/kg)]/100; and ME (kcal/kg) = [(GE retention for SECM or EECM, %) × (GE content in SECM or EECM, kcal/kg)]/100. Data were subjected to ANOVA using the GLM procedure (SAS Inst. Inc., Cary, NC). Treatment means (SECM vs. EECM) were compared using the t-test procedure of SAS; differences were considered significant at P < 0.05 and were considered trends at P < 0.10.
RESULTS

Exp. 1
The analyzed composition of diets and feed ingredients is presented in Tables 2 and 3, respectively. The analyzed dietary CP values were similar to the calculated values in Table 1 . The EECM and SECM were similar in CP content, whereas the analyzed values of GE, EE, and all AA except Met, Cys, and Ser were greater for EECM than for SECM. Cysteine was greater in SECM than in EECM. Methionine and Ser were similar between the 2 meals. The NDF content was, however, less for EECM than for SECM.
Tables 4, 5, and 6 show the AID, basal endogenous losses, and SID of N and AA, respectively. The AID and SID of N, Arg, Ile, Leu, Phe, Glu, and Pro, and the AID of Ala, Asp, Ser, and Tyr were greater (P < 0.05) for the EECM diet than for the SECM diet. The AID and SID of His, Thr, and Val, and the SID of Ala, Asp, Ser, and Tyr also tended to be greater (P < 0.10) for the EECM diet than for the SECM diet. The 2 canola meals were, however, similar (P > 0.10) in AID and SID of Lys, Met, and Gly, and in SID of Cys. Proline, Glu, Gly, and Asp were the most abundant endogenous dispensable AA (Table 5) , whereas Tyr and Cys were the least abundant endogenous dispensable AA. Among the indispensable AA, Thr, Arg, Leu, and Val were the most abundant endogenous AA, whereas Met, Lys, and Phe were the least abundant endogenous AA. The SID contents of Arg, His, Ile, Leu, Phe, Val, Ala, Asp, Glu, Gly, Pro, and Tyr were greater (P < 0.05) for the EECM diet than for the SECM diet (Table 7) . The SID contents of Lys, Thr, and Ser also tended to be greater (P < 0.10) for the EECM diet than for the SECM diet (Table 7) .
Exp. 2
The analyzed dietary CP values for all 3 diets used in this experiment (Table 2) were similar to the calculated values (Table 1) . Table 8 shows the ATTD and apparent retention of nutrients and the DE and ME contents for SECM and EECM. The ATTD of DM, OM, GE, and N, and the apparent retention of GE and N were similar (P > 0.10) between the canola meals. However, DE and ME values were greater (P < 0.05) and the apparent retention of DM tended to be greater (P = 0.084) for the EECM diet than for the SECM diet.
DISCUSSION
All animals used in the 2 experiments remained healthy and consumed all the feed offered them throughout the experiment. The objective of this study was to determine the nutritive value of EECM for growing pigs. The SECM, which is the most commonly used canola meal in the formulation of swine diets (Spragg and Mailer, 2007; Canola Council of Canada, 2009) , was included in the study for comparison. The general steps for solvent extraction of oil from seeds include 1) seed flaking and cooking at 80 to 120°C for 15 to 20 min to rupture the seed coat and cells, resulting in increased oil availability; 2) pressing of the flaked and cooked seeds to remove some oil (this process results in an increase in meal temperature to 100 to 120°C); 3) solvent extraction of the pressed seeds to remove additional oil; 4) desolventizing and toasting of the extracted meal at approximately 105°C for 20 min to remove the solvent; and 5) meal drying at approximately 105°C for 20 min (Spragg and Mailer, 2007; Canola Council of Canada, 2009 ). For expeller-pressed oil extraction, the seeds are flaked, cooked, and pressed as described for solvent extraction, although the meal temperature can increase to as much as 160°C during the pressing process because of the increased pressure applied to maximize oil recov- ery (Spragg and Mailer, 2007) . In some crushing plants, however, the meal is doubly extracted to maximize oil recovery (Spragg and Mailer, 2007) . The EECM used in the current study was doubly extracted at 105°C. The SECM had 117 and 8.0% less EE and GE, respectively, than EECM, which could be due to the greater extent of oil extraction in the former than in the latter. Glencross et al. (2004a) also reported greater fat content in EECM than in SECM. The EE content in the EECM used in the present study (12.03%) was, however, greater than that reported by Bourdon and Aumaître (1990; 8.1% ) for doubly extracted EECM, which could be attributed to less efficient extraction of oil from the material used in our study. The EE and GE values for the SECM used in the current study (5.54% and 4,812 kcal/kg, respectively) were greater than the values reported by Bourdon and Aumaître (1990; 1.9% and 4,622 kcal/kg) . In most crushing plants, gums from oil refining are added back into the meal (Spragg and Mailer, 2007; Canola Council of Canada, 2009 ) in varying amounts, which could explain the differences in EE and GE contents among samples of SECM.
The CP content of SECM was similar to values reported by Bourdon and Aumaître (1990) and de Lange et al. (1998) . The SECM and EECM were similar in CP content, which is contrary to the findings of Glencross et al. (2004a) , who reported a greater CP content for SECM than for EECM. The similar CP content between the 2 canola meals used in the current study, as compared with those used in the study by Glencross et al. (2004a) , could be attributed to the reduced fat content in the EECM used in the present study as a result of double extraction. Bourdon and Aumaître (1990) observed greater CP content in SECM than in EECM when the latter was singly extracted, but not when it was doubly extracted.
Because SECM and EECM were similar in CP, the AA composition of the 2 meals was also expected to be similar. However, this was not the case because EECM was greater in all AA except Cys, which was greater in SECM, and Met and Ser, whose contents were similar between the 2 meals. Glencross et al. (2004a,b) also observed greater contents of all essential AA, except Met, in EECM than in SECM despite the greater content of CP in the latter than in the former. Newkirk et al. (2003b) observed a reduced content of all AA ex- Table 4 . Apparent ileal digestibility of N and AA for solvent-extracted canola meal (SECM) and expeller-extracted canola meal (EECM) fed to the growing pigs cept Met and Cys in SECM after the desolventization and toasting steps of the solvent extraction process, and they attributed this to Maillard reactions because the color of the meal was changed from light yellow to brown by this process. Classen et al. (2004) reported that Maillard reactions occurred in canola meal during desolventization and toasting, when the meal temperature and moisture content were at least 105°C and 10%, respectively. The moisture content in canola meal before the desolventization and toasting steps of the solvent extraction process is approximately 7% (Newkirk et al., 2003a) . However, during desolventization and toasting, the solvent is removed from the meal by infusion of a hot steam of water, which increases meal moisture to as much as 15 to 18% (Spragg and Mailer, 2007; Canola Council of Canada, 2009) . Therefore, the reduced content of AA in SECM could be due to desolventization and toasting of the meal during solvent extraction, leading to a Maillard reaction. Newkirk et al. (2003b) reported numerically greater contents of S-containing AA in toasted than in untoasted canola meal, indicating that the differences in the contents of these AA between SECM and EECM could also be due to desolventization and toasting of the SECM during solvent extraction. However, the reason desolventization and toasting could result in increased contents of the S-containing AA is not clear. The greater NDF content for SECM than for EECM could also be due to a Maillard reaction in SECM during desolventization and toasting. The Maillard reaction results in the formation of insoluble proteins, which are neutral detergent insoluble (Van Soest, 1994) . Classen et al. (2004) reported an increased NDIN content in canola meal after desolventization and toasting. In the current study, the NDIN content for SECM was greater than that for EECM by 12%. The AID and SID of most AA were greater for EECM than for SECM. The AID of N has also been reported to be less for SECM than for EECM fed to growing pigs (Bourdon and Aumaître, 1990) . Newkirk et al. (2003a,b) observed greater AID of AA for nontoasted than toasted SECM fed to broiler chickens; they indicating that the decreased AA digestibility for SECM compared with EECM was due to a Maillard reaction that occurred during the desolventization and toasting stage of oil extraction of the former. The AA digestibility for SECM in pigs has been reported (de Lange et al., 1998) . However, to our knowledge, the AA digestibility for EECM in pigs has not been reported. The greater AA digestibility for EECM than for SECM is expected to result in improved pig performance. Newkirk and Classen (2002) reported better performance of broilers fed nontoasted vs. toasted SECM because of improved AA digestibility in the former compared with the latter. Thacker and Newkirk (2005) , however, reported poorer performance of growing pigs fed nontoasted vs. toasted SECM. Thus, it would be interesting to see the effect on pig performance of the EECM used in the current study. The basal endogenous N and AA losses in the current study were similar to those reported by Dilger et al. (2004) and Opapeju et al. (2006) , who also fed a casein-corn starch diet (5% casein) to growing and finishing pigs, respectively. The SID of Pro in both canola meals was greater than 100%. Dilger et al. (2004) and Opapeju et al. (2006) similarly observed SID values of Pro that were greater than 100%. Dilger et al. (2004) attributed this greater SID of Pro to increased basal endogenous loss of the same AA when pigs were fed low-protein diets; thus, the SID values of Pro might be greater than the true digestibility values.
The DE and ME contents were greater for the EECM diet than for the SECM diet, which could be due to the numerically greater ATTD and apparent retention of GE, respectively, and the greater GE content for EECM than for SECM. Bourdon and Aumaître (1990) also reported greater DE and ME for EECM than for SECM fed to growing pigs (35 kg of BW). However, the DE and ME contents of the EECM used in the current study (4,107 and 3,978 kcal/kg, respectively) were greater than the values (3,669 and 3,401 kcal/kg on a DM basis) reported by Bourdon and Aumaître (1990) for DE and ME contents, respectively, in doubly extracted EECM. The greater DE and ME contents in the EECM used in the current study, compared with the doubly extracted EECM used in the study of Bourdon and Aumaître (1990), could be due to the greater EE content (12.03 vs. 8.1%) and ATTD of GE for the EECM used in the former study compared with in the latter study (80.8 vs. 74.3%). The energy digestibility of canola meals can vary depending on the temperature the meal is subjected to during oil extraction because the meal temperature can affect protein and carbohydrate digestibility values, and hence the energy digestibility (Australian Oilseeds Federation, 2004; Spragg and Mailer, 2007) . However, it is difficult to explain whether the difference in energy digestibility between the EECM used in the current study and that used in the study by Bourdon and Aumaître (1990) was due to a difference in extraction temperature because Bourdon and Aumaître (1990) did not report the extraction temperature of the EECM used in their study. Canola oil is a good source of MUFA and n-3 fatty acids, which have beneficial effects on human health (Kratz et al., 2003; Hardman, 2007; Stark et al., 2008) . It would thus be interesting to see if inclusion of the EECM used in the current study (which has increased fat) in diets for pigs could, in addition to performance, affect the fatty acid composition of meat.
In conclusion, the results of these experiments showed that the EECM used in the current study had greater digestible AA, DE, and ME contents than the SECM; hence, it may be a better source of protein and energy for growing pigs than the SECM. The AA and energy values of EECM evaluated in the current study could be used when formulating growing pig diets containing this feedstuff to minimize the cost of feeding.
